Pericentriolar Virus-like Particles in Chinese Hamster Ovary Cells
(Accepted 3 May I974) SUMMARY Virus-like particles have been found closely associated with the centrioles in CHO-KI and CHO-Io cells but not in other cell lines. They are spherical and measure 55 to 65 nm in overall diam.; their central cores of about 35 to 4 °nm diam. sometimes appear hollow and sometimes dense. An amorphous matrix similar to that surrounding the centrioles is found around the particles. The possibility that they represent a type-A virus is discussed.
Type-C viruses have been reported in a number of vertebrates (see Todaro & Huebner, I972 , for further details). Their presence can be detected by serological means, measurement of reverse transcriptase, specific RNA labelling profiles, sedimentation characteristics and electron microscopy. Visualization in the EM may be relatively easy when virus is being assembled and extruded from the cell, but little is known about the intracellular aspects of type-C virus behaviour. Probably all cells of mouse and hamster harbour type-C virus which remains latent and unexpressed in normal cells but may be expressed in transformed cells. Lowy et al. 097I) have shown that cell cultures from AKR mice of low leukaemia risk express virus after treatment with the halogenated pyrimidines 5-bromo-z'-deoxyuridine and 5-iodo-2'-deoxyuridine. More recently Tihon & Green (I973) reported the enhancement of virus expression in Chinese hamster ovary cells (CHO-KI) by treatment with cyclic AMP and testosterone. These findings provide an opportunity for studying the intracellular assembly and the extracellular nature of such viruses more closely at the EM level.
During studies on the changes in pericentriolar morphology of cells approaching mitosis and resorbing primary cilia (Wheatley, ~97l) , particles were found in CHO-Io cells which were similar to viruses. In view of their unusual location and the possibility that they represent the virus particles referred to by Tihon & Green 0973), it was considered worthwhile drawing attention to their presence.
CHO-m cells obtained from Dr W. C. Dewey (Department of Radiation Biology, University of Colorado, Fort Collins, Colo., U.S.A.) were grown in monolayer cell culture in basal Eagle's medium supplemented with io % calf serum and CHO-Kr cells from Flow Laboratories, Irvine, Scotland, in Ham's F-I2 medium with ~o % foetal bovine serum at 37 °C under 5 % CO2 in air. Cells were fixed in 2 % glutaraldehyde in culture medium adjusted to pH 7.2 at room temperature for 90 rain. They were post-fixed in 1% OsO~ in oq Msodium cacodylate buffer, pH 7.2, before dehydrating in ethanol and embedding in Epon 812. Thin sections of 6o to 80 nm were stained by conventional techniques with lead citrate and uranyl acetate and examined at 8o kV in a Siemens Elmiskop I microscope.
Virus-like particles were found closely associated with centrioles of CHO-Io cells ( Fig.  ~, 2) . Two different consignments of cells from Dr Dewey showed pericentriolar virus-like particles; both were grown for only a few generations in this laboratory before being fixed for electron microscopy. CHO-~o cells without particles associated with their centrioles were far fewer than those with particles. In 4o random sections of centrioles of 8o nm thickness, only io % of them showed no particles in the plane of sectional although they probably would have been detected by serial sectioning. The average number of particles per section was 7.2 _4-5"5, with a highest number recorded being 2I particles. It is tentatively concluded that virus-like particles are to be found in every C H O -I o cell. A similar conclusion was reached with C H O -K I cells. This fact is important in relation to the findings of Aaronson, Todaro & Scolnick (197I) who showed that type-C virus was inducible from every clone of Balb/3T3 cells with halogenated pyrimidines. The particles found in C H O -K I cells were identical to those in C H O < o cells and their distribution was the same except that they sometimes showed greater dispersion in the centrosome in C H O -K I cells (Fig. 3) . C H O -K I cells had not been subcultured in our laboratory before examination, which was made directly on cells arising after 9 passages from A.T.C.C. stock sent to Flow Laboratories, Scotland. This excludes the possibility of contamination from within this laboratory. The CHO-~o subline of Chinese hamster cells, unlike C H O -K I , is not proline-requiring but both sublines have been independently produced from the original cells of Tijo & Puck (I958).
Short communications
Analysis of over IOO electron micrographs of centrioles of the Chinese hamster fibroblast cell line Don/C and a related CH/3 substrain failed to show evidence of virus. It would appear that the virus-like particles described in CHO cells are not common to all cultured Chinese hamster cells, and careful studies of many other cell lines (including 3T6, Vero, Pt-KI, B H K 2I]C13, HeLa, HEp-2, L-929, NIL-2e, Chang and WI-68 cells) have shown no evidence of comparable bodies. CHO virus-like particles are surrounded by amorphous material similar to the dense matrix enveloping the centrioles (Fig. ~) . They are very consistent in size, the diam. across their outer envelope being 55 to 65 nm. The outer envelope is not always particularly distinct, however, suggesting that particles might go through stages of maturation from the amorphous material (Fig. 2) . Within the outer envelope is a space containing material of slightly greater electron density than the surrounding matrix (Fig. 2, inset) . The core is about 35 to 4o nm in diam. and sometimes seems electron-dense but in many particles the core envelope is electron dense while the internum is relatively electron lucid ( Fig. 2 and 3) . Although variations in electron density once again suggest maturation changes in the particles, it seems more plausible that these effects are artefacts of staining (especially with uranyl acetate) and/or sectioning, since particles are only slightly smaller in diam. than the thickness of the sections.
These virus-like particles do not form regular arrangements in the cell. They have been seen close to the centrioles but never in direct contact (Fig. I) , and it has not been possible to determine whether their amorphous matrix is identical with the centriole matrix. No evidence has been found of particles remote from the centrosomal region and they are rarely found more than I #m away from the centrioles in CHO-~o cells. They are not found in the nucleus and no budding from the cell membrane or cisternae of the endoplasmic reticulum has been detected in untreated cells. In comparison with the oncornaviruses described by Bernhard (I973), they are somewhat smaller in overall dimensions (55 to 65 nm v. 8o to 9 onm) with the cores occupying relatively less volume than in other type-A viruses.
Since no other cell line so far examined has been found to possess similar bodies to the virus-like particles described here, it seems highly improbable that they are previously undescribed components of the centriolar apparatus. On morphological grounds alone, they look like viruses. If this proves to be the case, then they are remarkable in that their intracellular distribution is so closely centered on the centrioles, which could explain why they have evaded detection. The persistence of RNA tumour viruses (type C) from generation to generation in the host cell type must involve the vertical transmission of virus at each cell division, as discussed by Todaro & Huebner (1972) . While it seems generally agreed that the transmission involves integration of the virus message as DNA in the cell genome, thereby guaranteeing that each daughter cell remains infected, it is also possible to transmit virus from one generation to the next almost as faithfully by using the diplosomes (paired centrioles) as carriers. This would also preclude the necessity for an extracellular stage, and CHO particles may represent the immature or type-A precursor of the type-C virus which Tihon & Green (1973) claim to induce. Further investigations of the behaviour and morphology of CHO particles might now be usefully made using the procedures of Lowy et al. (1971) and Tihon & Green (1973) which should show whether a relationship exists between the intracellular particles and inducible type-C virus. If the particles are a type-A precursor of the type-C virus, one might predict that all CHO cells will be capable of responding to induction.
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